Objective: To evaluate the anthropometric and biochemical status of children with nutritional defi ciency. Methods: We have conducted a prospective study on 226 children admitted in Pediatric Clinic I, divided into two groups: one group of 49 children with nutritional defi ciency (body-mass-index < -2SD) and one control group (177 children). We have followed demographic data, anthropometric indices evaluated as standard deviations (weight, height, middle upper-arm circumference, tricipital skinfold), biochemical proteic status (Insulin-like Growth Factor 1 IGF-1, albumin, total proteins). We also followed parameters of general nutritional biochemistry. Results: The mean age for underweight children was 5.8 years, lower than in the control group. The weight of the nutritional-defi cient group was signifi cantly lower than in the control group, unlike the height (p <0.001). We have also found signifi cant differences in body-mass-index, middle upper-arm circumference and tricipital skinfold, all of them with low SDs in children with nutritional defi ciency. Regarding the biochemical markers, we have found signifi cantly higher values of transaminases (p <0.001) and lower IGF-1 (p = 0.02) and total proteins (p = 0.013) in nutritional-defi cient group. Most IGF-1 values were in normal range in both groups, but with a higher percent of low values in nutritional defi cient children (37.5% vs 14.2%, p = 0.0046). There were no signifi cant differences in height, albumin, cholesterol, triglyceride and glucose levels between the two groups. Conclusions: The anthropometric measurements are the most precise methods in evaluating the nutritional status. Among the studied biochemical markers, IGF-1, total proteins and transaminases are correlated with nutritional defi ciencies.
Introduction
Th e evaluation of nutritional status can be approached by using a combination of anthropometric, clinical, biochemical data and case history in combination, and not as individual parameters, because each of them may vary in a wide range.
Th e evaluation of biochemical markers is a must nowadays, in order to complete the clinical diagnosis. It seems that Insulin-like Growth Factor 1 (IGF-1) and other serum proteins are related to the nutritional status. IGF-1 has an important endocrine role in the children development, by mediating the growth-hormone activity and increasing the anabolic processes. IGF-1 has an important role also in adults, its persistent low values being associated with a high mortality [1] . Th e secretion of IGF-1 is aff ected by growth hormone, IL-1 and TNF- [2] . Due to an insuffi cient food intake, the metabolic disorders, including a low level of IGF-1 will lead to lower muscle gain, improper lipolysis and fat oxidation, with central body fat gain. When these changes are combined with a future high fat/carbohydrate based nutrition and lack of physical activity, obesity with short stature will occur [3, 4] .
Th e morbidity and mortality of the malnourished children is high, even one year after treated for moderate acute malnutrition, and lead to high cost of hospitalization by an increased length of stay and frequent readmissions [5] [6] [7] . Th ereby, strategies to prevent and treat malnutrition must be implemented, by actively monitoring the hospitalized children in every possible mean: case history, clinical examination, anthropometrical measurements, and laboratory analyses, seen as a whole.
Purpose
Th is study aimed to evaluate the anthropometric and biochemical status in children with nutritional defi ciency, focusing on IGF-1 implication both generally and between various pathologies.
Materials and methods
We have conducted a prospective study on 226 consecutively hospitalized patients admitted in Pediatric Clinic I, between November 2009 and March 2013 for several pathologies. We have divided the children in two groups: the fi rst group with nutritional defi ciency and the second as control. We considered as nutritional defi cient (ND) all the children with a body mass index (BMI) under -2 standard deviations (SD), according to the WHO standards [8] . Th e control group consisted in children with Gaussian distribution of BMI according to Kolmogorov-Smirnov test, between -2 and +2 SD, the members of this group being analyzed previously in another study, not related with our purpose [9] .
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We have followed aspects regarding the personal data (age, gender), anthropometric indices evaluated as standard deviations (SD for weight, height, BMI, middle upperarm circumference -MUAC which refl ects the muscular mass, tricipital skinfold -TSF which refl ects the fat mass) and biochemical status of several serum protein molecules (IGF-1, albumin, total proteins).
Th e weight was measured with an electronic scale, the height with a stadiometer/infantometer, the MUAC with a fl exible meter and the TSF with a digital caliper, according to the standard procedures described by CDC [10] . Th e SD values for each anthropometric index were calculated automatically according to Switzerland Growth Chart 1989 and Netherland Growth Chart 1997, using the age, weight, height and gender as inputs in Growth Analyser v3.5 software (the last freeware version). All anthropometric measurements were performed in triplicate, and the mean value was noted.
We also followed aspects of general nutritional biochemistry (transaminases, lipids, glucose). As IGF varies with the age, we have taken in consideration this aspect when we compared IGF values to the normal reference values. Th e laboratory assays were performed in the Central Biochemistry Laboratory within the County Emergency Clinical Hospital Tîrgu Mureș.
All calculations were performed in Offi ce spreadsheet and GraphPad InStat 3 software, using descriptive statistics, two-tailed Mann-Whitney nonparametric test or unpaired t-test and Fisher test for statistical signifi cance interpretation. Th e signifi cance level was established for p value under 0.05, with a confi dence interval of 95%.
Results
Th e fi rst group consisted in 49 children (21.7%) with nutritional defi ciency; the control group included 177 children (78.3%).
Th e genders were approximately equally represented, with a higher proportion of boys (53%). Th ere was no difference regarding the nutritional status in boys vs girls (p = 0.332).
Th e mean age for underweight children was 5.8 (± 4.9) years, lower than in the control group, which had a mean of 7.8 (± 5.3) years, the diff erence being statistically significant (p = 0.0089). Th e median value for age was 4.2 years for the ND group and 6.5 for the control group. In both groups, the children were aged between 2 months and 18 years.
Th e mean weight of the children was -2.95 SD in the ND group (values between -0.43 and -14.71 SD) and -0.65 SD in the control group (values between -4.2 and We have also found signifi cant diff erences in BMI, MUAC and TSF, all of them with low SDs in ND children. Th e BMIs in ND children were between -8.98 and -2.01 SD, with a mean of -3.38 ± 1.6. In the control group, the BMIs were situated between -1.98 and 1.73 SD, with a mean of -0.55 ± 0.9 SD. Th e Kolmogorov-Smirnov test showed a normal distribution of BMI SDs only in the control group (Figure 1) . Th e detailed anthropometric results for all measurements are presented in Table I .
Regarding the biochemical markers, we have found lower values for IGF-1 (p = 0.02) in the ND group, with a mean value of 81.98 ng/ml and a median of 68.6 ng/ml, whereas in the control group the mean value was 149.8 ng/ml and the median 114 ng/ml. Most IGF-1 values were in normal range on both groups, but with a higher percent of low values in ND children (37.5% vs 14.2%, p = 0.0046) (Figure 2) . Th e transaminases had higher mean values in ND group (p = 0.0011 for AST and p = 0.0016 for ALT). Th e total proteins mean values were lower in NG group (p = 0.013). Th ere were no signifi cant diff erences in the mean levels of albumin, cholesterol, glucose and triglyceride between the two groups. Th e detailed biochemical results are presented in Table II. In the ND group, most children have been hospitalized because of nutritional and digestive disorders. In control group the most frequent pathologies were hematological and digestive disorders (Table III) . Th e IGF-1 values were significantly lower in the ND children with digestive, pulmonary and hematological disorders. In other pathologies, though the IGF-1 values were lower in ND children, there are no statistical diff erences with the control group (Table IV) .
Discussions
Th e nutritional defi ciencies are a real problem throughout the world, especially in developing countries and must be properly evaluated. Th e assessment of nutritional status can be evaluated by many anthropometrical measurements (weight, height, body mass index, skinfolds, upper arm, waist or head circumference, upper leg or arm length, handgrip strength, etc.). Fortunately, the methods used for this assessment are easy to perform with only a few equipment and maybe the most important, they do not cost much. Th ere are studies that confi rm the reliability of these measurements [11, 12] , but there are also studies that describes them as imprecise and unreliable (training of the personnel, technical errors, associated pathology, etc.) [13, 14] .
Th e BMI is the best screening tool for evaluation of body fat in children and adolescents, but not in other situations, as evaluating the cardio-metabolic risk [15, 16] . It seems that are some reliability issues with MUAC, waist circumference and TSF that will limit their utilization in longitudinal studies. Some methods are quick to perform and can be successfully used in emergency cases or remote sites [11] . It seems that some indices, as the ideal weight for height, sex, and age, cannot identify the children with values under 80% weight for age [17] .
In order to compare the actual values of anthropometric measurements with the standards for age and gender, we choose to operate with standard deviations for each measurement, as they are easier to follow. We used the BMI as criterion for diff erentiating the two nutritional status groups: with nutritional defi ciency (BMI < -2 SD) and normal (BMI > -2 SD) as control. It was the best choice, all the other methods (MUAC, TSF) being consistent with the BMI, in all cases with signifi cant diff erence of median values between the two groups. Th e children hospitalized in hematology /oncology department within Pediatric Clinic I who were included in our study were previously analyzed from another point of view.
In our study, the genders were approximately equally represented, with a slightly higher proportion of boys. We did not found a diff erence between genders, regarding the nutritional disorders, though other studies report a diff erence in favor of boys [18] [19] [20] . According to the mean age, most nutritional-defi cient were preschool children. Th e mean age for underweight children was signifi cantly lower than in control, where most children were of school age.
Biochemical evaluation may be the most objective and quantitative. Th e evaluation of some biochemical markers can be useful tools for appreciating the nutritional status, but they must be evaluated as a whole, because the associated infl ammation may infl uence the protein metabolism, including the IGF-1 levels [21] . Nevertheless, in our study, the IGF-1 values were signifi cantly lower in the ND children, although they presented digestive, pulmonary and hematological disorders. Many studies support the connection between the immune system, infl ammatory or malign processes and serological markers including IGF-1 [9, 22, 23] . Other studies underlines the diffi culties in concluding whether IGF-1 have pro-or anti-infl ammatory eff ects [24] . Nutrition is one of the main regulators of circulating IGF-1, its serum levels being lowered by energy and/or protein deprivation and it is correlated with the economic status [25, 26] ; the nutritional supplementation results in increasing the levels of IGF-1 [27] . In our study we have found signifi cantly lower values and a higher percent of low values (under the detection limit) for IGF-1 in nutritional-defi cient children compared to control.
Th e transaminases present elevated levels in malnourished patients, both children and adults [28] [29] [30] . Our results are consistent, as the transaminases, both AST and ALT, had higher values in the nutritional-defi cient children.
Serum albumin is not a good marker of nutritional disorders, as its concentration is aff ected by many factors not related with the nutrition, nor in children or elderly [31, 32] . Our results are consistent with this, no signifi cant diff erence being found between the two groups.
Th e stunted children have lower serum triglyceride concentrations than non-stunted ones [33] . We did not found any signifi cant diff erences in cholesterol and triglyceride levels between the nutritional-defi cient and control groups.
Severe malnutrition is associated with improper glucose absorption and a low insulin response. Even a mild malnutrition decreases the intestinal intake of carbohydrates [34, 35] . Yet, the mean glucose levels in our groups did not diff er, in concordance with the reports of other studies [36] .
Conclusions
According to our study, the anthropometric measurements are the most precise methods in evaluating the nutritional status; BMI is the most appropriate method for evaluation of nutritional disorders, but other methods as MUAC or TSF can be also successfully used. Among the studied biochemical markers, IGF-1, total proteins and transaminases are correlated with defi ciencies in nutritional status. Other serum biochemical markers, even other proteins or lipids that are directly related to the nutrition habits, cannot be used as indicators of nutritional status. Th e IGF-1 values are signifi cantly lower in the nutrition-defi cient children with digestive, pulmonary and hematological disorders. Strategies to prevent and treat malnutrition must be implemented, by actively monitoring the hospitalized children by all possible means: historical, clinical, anthropometrical, and completed with specifi c laboratory results. 
